48
Phenolic acids may be the principal bioactive compounds responsible for the observed beneficial 49 health effects associated with regular coffee consumption [11] . There is growing evidence that 50 chlorogenic acid metabolites may contribute to improved intestinal health by increasing mucosal 51 membrane integrity [12] . Additionally, studies with animal models of type 2 diabetes indicated 52 favourable antiglycemic effects and modulation of oxidative enzymes following consumption of 53 caffeic acid [13] and ferulic acid [14] . It is now widely appreciated that chronic low grade 54 inflammation plays a key role in development of degenerative diseases [15] , and the reported 55 initiated by replacement of DMEM culture medium with transport buffer (HBSS modified with 1.8 127 mM calcium chloride, pH 7.4) in the apical (2 mL) and basal (2 mL) compartments. Plates were 128 incubated at 37 °C in a 5 % CO2-humidified atmosphere for 15 min to allow equilibration of tight 129 junction integrity. Apical and basal solutions were carefully aspirated and 2 mL of a 1 mM phenolic 130 acid ester test solution was added to the apical compartment, while all basal solutions were transport 131 buffer only. The test solution consisted of test compound (methyl ferulate, methyl caffeate, 5-O-132 caffeoylquinic acid or 3-O-caffeoylquinic acid) dissolved in a small amount of DMSO, which was 133 diluted 500 times with transport buffer (0.2 % DMSO). Trans-epithelial electrical resistance (TEER) 134 was recorded using a Millicell ERS volt-ohm meter fitted with a chopstick probe (Millipore Ltd, 135
Watford, UK). To assess the stability of the test compounds during the experiment, 2 mL of the test 136 solution was added to a Transwell plate, in the absence of cells, as a reference sample. Both the 137
Transwell plate and reference sample were incubated at 37 °C in a 5 % CO2-humidified atmosphere 138 for 2 h after which TEER measurements were repeated. 1 mL of the apical, basal and reference 139 sample solutions were then collected, acetic acid was added to obtain a final concentration of 10 mM 140 and samples stored at -80 °C until analysis. Immediately before HPLC-DAD analysis, samples were 141 thawed and centrifuged (17,000 × g, 5 min, RT) to remove particulate matter. 95 µL were removed to 142 an amber vial, spiked with 5 µL of internal standard (p-coumaric acid, 50 µM final concentration) anddegraded in the reference sample after incubation (2 h), from the amount of metabolite (ferulic acid or 147 caffeic acid) detected in the apical and basal compartments after incubation (2 h) with the Caco-2 148 monolayers. Values are expressed as mean ± SD (n = 3). For TEER measurements, the mean final 149 unit area resistance values for the control and test conditions were 1037 ± 104 cm 2 and 960 ± 112 150 cm 2 respectively which is indicative of a monolayer with established tight junctions and a well-151 developed apical-brush border [17] . Table 2 . 212 213
Estimation of the contribution of free phenolic acids to the early appearing blood phenolic 214 acid conjugates 215
Phenolic acid metabolites were reported in plasma in a previous human study where subjects 216 consumed a cup of GC coffee beverage at different concentrations [19] . To ascertain the contribution 217 of phenolic acids present in coffee to the early appearance of phenolic acids metabolites in plasma, the 218 contents in the GC coffee from the current investigation were compared to computed pharmacokinetic 219 curves ( Figure 2 ) and to the maximum plasma values previously reported obtained after consumption 220 of a cup of 4 g GC coffee [19] . Assumptions made are shown in the Material and Methods section. 221
However, our values are the maximum estimates and real values are likely to be less. Even in the 222 unlikely event that our assumptions are underestimated by 10-fold, the amount of free phenolic acid inmagnitude, and more for some compounds. As an example, the free ferulic acid fraction in coffee 225 would give rise to a peak of 0.5 nM in blood assuming 100% absorption, compared to an obtained 226 value of 200 nM after drinking a cup of coffee, i.e. ~400-fold higher. From this calculation, we 227 estimate that most of the early appearing phenolic acids would be due to hydrolysis of the constituent 228 chlorogenic acids, which must occur either in the stomach or in the small intestine. We therefore 229 tested some possible sources of esterase in the small intestine for ability to hydrolyse the various 230 chlorogenic acids present in coffee. 231 
Esterase activity 251
In the cell culture medium, the phenolic acid esters exhibited good stability (Table 3 ). In total, 19.8 % 252 of the methyl ferulate was hydrolyzed, at a 0.25 mol/h rate, following incubation with Caco-2 253 monolayers, releasing ferulic acid which was detected in both the apical and basal compartments in 254 similar amounts. In comparison, 11.4 % methyl caffeate was metabolized at a 0.10 mol/h rate, but the 255 caffeic acid was distributed mainly in the basal compartment (i.e. 9.5 %). The hydrolysis of the 256 caffeoylquinic acid isomers was distinctly lower than observed for the methyl ester analogue, methyl 257 caffeate. Interestingly, 3-O-caffeoylquinic acid was hydrolysed ~10-fold more rapidly than 5-O-258 caffeoylquinic acid; 0.18 % (1.7 mmol/h) and 0.02 % (0.23 mmol/h) respectively. 259
Amongst a variety of commercially available instant coffees, the caffeinated instant coffee made from 261 35 % green and 65 % roasted beans water extract (GC) had the highest content of free CA and FA. 262
The medium dark roast caffeinated coffee (MC) had the highest content of free DHFA, iFA and 263 DHCA and the golden roast caffeinated coffee (GoC) had the highest content of 3,4-DMCIN. 264
Additionally, when comparing caffeinated and decaffeinated coffees of a same roast, the 265 decaffeinated coffees contained less of all free phenolic acids tested. These data suggest that not only 266 chlorogenic acids [1], but also some free HCAs decrease with roasting intensity and decaffeination. 267 
